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SUMMARY 


As part of an NACA treinsonic research program, a series of wing- 
fuselage combinations varying chiefly in wing plan form is being inves- . 
tigated. In the part of the investigation reported herein, three repre- 
sentative model wings of the series were tested at Mach numbers up to 
0.9l|- in the Ames l6-foot high-speed wind tunnel. All these model wings 
had NACA 65 AOO 6 sections parallel to the plane of symmetry. 

Force and pitchiixg-moment data and tabulated pressure measurements 
are presented for the wing-fxiselage combinations and for the fuselage 
alone. Downwash angles and dynamic-pressure characteristics measured 
at probable horizontal— tail locations are shown. Also presented are. 
tuft studies of the wing-fuselage combinations, approximate effects of 
wing elasticity on lift and pitching moment, and a comparison of data 
from this investigation with theory and with results from investiga- 
tions in the Langley high-speed 7 — by 10-foot wind txumel utilizing the 
transonic— bump technique. ■ 

Results show that liftr-curve slopes for all the wings investigated 
increased with Mach number. Compressibility effects on drag were geneiv- 
ally small. More abrupt changes in stability occurred at lower lift 
coefficients for the wing with 45° of sweepback and an aspect ratio of 6 
than for the other wing-fuselage combinations. Slight increases in 
static longitudinal stability were observed at the higher Mach numbers 
for all the wings investigated. 

A comparison of data from this investigation with that from inves- 
tigations of similar models on the transonic bump in the Langley high- 
speed 7 - by 10-foot wind tunnel generally shows poor correlation quan- 
titatively; agreement qualitatively is fair,. Possible reasons for this 
lack of agreement are suggested. 
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Results of this investigation indicate large effects of aeroelastic 
deformation on the lift-curve slopes and on the longitudinal stability 
of the models . The wing with 45° of sweephack and an .aspect ratio of 6 
indicated a maximum decrease in lift-cxirve slope of approximately 30 per- 
cent and a forward shift in neutral point of approximately 10 percent. 
Smaller aeroelastic effects were observed for the other wing— fuselage 
combinations. 


INTRODUCTION 


A coordinated transonic research program has been established by a 
special NACA transonic subcommittee. An objective of this program is t( 
investigate the relative importance of various wing— plan-form variables 
and to provide experimental data for a wide range of wing plan forms, 
particiilarly at transonic speeds. An extensive investigation of these 
variables has been made in the Langley high-speed 7— by 10-foot wind 
tunnel utilizing the transonic bump, which provides a method of testing 
models at Mach numbers near unity. 

In order to obtain data at higher Reynolds numbers than were attain- 
able in the Langley high-speed 7- by 10-foot wind-tunnel investigations, 
three representative model wings of the series tested in that wind tunnel 
were tested in the Ames l6— foot high-speed wind tunnel at Mach numiiiers 
to 0.94 and Reynolds numbers which varied between 2,6 and 5.1 million. 
The wings were tested in combination with a fuselage sdjaiilax to the one 
used in the J— by 10— foot wind— txmnel investigations. The results are 
reported herein and are congiared with results for three similar model 
wings tested on the transonic bump (references 1 , 2 , and 3 ). 


NOTATION 


The coefficients and symbols used in this report are defined as 
follows: 


Cp drag coefficient f 

Cp lift coefficient 


m 




dragN 


pitching moment about the quarter chord of the wing mean aerodynamic 
chord mcmentN 
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M 

P 

S 

V 

a.c. 

b 


P 

<1 

y 

a 

€ 

e 

A 

X 


aspect ratio 

VS 


Macb number 


) 


pressure coefficient^ ^ 

\ J 

wing area, square feet 
velocity, feet per second 
aerodynamic center 
wing span, feet 

wing chord parallel to the free stream, feet 


wing mean aerodynamic chord 


/p^/^ca dy 


feet 


static pressure, pounds per square foot 

dynamic press\xre pounds per square foot 

lateral distance from tbe model plane of symmetry, feet 

angle of attack of wing— root chord line, degrees 

downwasb angle relative to the free stream, degrees 

angle of twist of wing chord relative to the wing-root chord, 
positive with trailing edge tip, degrees 

angle of twist at the wing tip for an equivalent linear spanwise 
distribution of twist, degrees 

angle of sweepback of the wing quarter-^hord line, degrees 


taper ratio ^ c^/ c^ ^ 


mass density of air, slugs per cubic foot 


Subscripts 


o 


free— stream conditions 



k 
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r wing root 

t wing tip 

u \mcorrected for tunnel^wall effects 


MODEL AMD APPARATUS 


One of the model wing— fuselage combinations mounted in the Ames 
l6-rfoot high-speed wind tunnel is shown in figure 1. Dimensions and 
details of the various models tested are given in figures 2 and 3* 

The fuselage was a body of revolution with a fineness ratio of 12 
modified to accommodate a sting-type model sijpport by removing the rear 
one— sixth of the body and increasing the diameter slightly at the rear 
end. The increased diameter was faired forward with straight-line 
elements to the points of tangency with the basic shape (fig. 2(a)). 
These changes resulted in a fuselage fineness ratio of 10. The model 
fuselage was constructed of steel and aluminm sections machined to 
shape. Ninety pressiire orifices were placed along the right side of 
the fuselage at fifteen transverse sections as shown in figiare 2(b). 

The wings were constructed with a thin layer of a tin-hisrauth alloy 
over steel spars and were approximately 30 percent as rigid as solid 
steel wings of the same dimensions. One hundred pressvure orifices were 
installed in* the right half of each wing at five sections parallel to 
the air stream (fig. 3(b)). 

A sting— type model— support system was used with a wire— resistance 
strain— gage balance enclosed in the fuselage to measure lift, drag, and 
pitching moment. Tubes from the pressure orifices in the models were 
led through the model— support system to multiple manometers where the 
pressure data were recorded photographically. The single of attack was 
indicated by means of a pendulum-operated selsyn transmitter, also 
enclosed. in the fuselage. Wing— tip singles were measured visually with 
a protractor attached to one of the wind-tunnel windows. 

A survey rake used to measure downwash angles and dynamic pres- 
sures was clsiniped to the s-upport sting just behind the fuselage. The 
rake was equipped with 10 calibrated pitch heads for determining down- 
wash angles. Static-pressure orifices on each pitch head and 20 total- 
pressure tubes were provided for the dynamic-pressure siarvey. Figures 1 
and 2(a) show the survey rake in place behind the model and figure h 
presents dimensions and details of the rake. 
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TESTS 


Test Conditions 


Force and pressure measurements were made on the fuselage alone 
and on the three wing— fuselage comhinations. Angles of attack of the 
wing tips were measvured to determine the degree of twist of the wings 
under the aerodynamic loads. Downwash angles and dynamic pressiores 
were meas\ired at probable horizontal— tail locations. Tuft studies 
were made of the flow over the wing-fuselage combinations. 

The tests covered a Mach number range from 0.40 to 0.9^» The 
Reynolds nximber varied from approximately 3.2 million to 5.1 million 
based on the mean aerodynamic chord of the wing with an aspect ratio 
of 4. The Reynolds number for the wings with an aspect ratio of 6 
varied from approximately 2.6 million to 4.2 million. The angle— of— 
attack range was from —4° to the hipest positive angles attainable 
within the structxiral limits of the model wings. 

Test Mach nmbers were maintained within 10.5 percent of the indi- 
cated values. It is estimated that angle— of-attack measurements were 
accurate to ±0.1° and wing— tip angles were read to ±0.2°. Downwash 
angles are estimated to be accurate to within ±0.2° of the values shown. 


Corrections 


Induced tunnel-^wall effects .— Corrections for the effects of the 
t unn el walls on the induced flow angles were computed by the method of 
reference 4. The corrections added to the angle of attack and to the 
drag coefficient were as follows: 

Ax = 0.302 Cl 

aCd = 0.00526 Cif 

No corrections have been made to the downwash data for induced 
tiinnel— wall effects, but it is estimated that the magnitude of such 
corrections would be approximately one and one-half times the correc- 
tion shown for angle of attack. No corrections have been applied to 
the pressure data for induced tunnel-wall effects. 
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Constriction .— Constriction effects were calculated by the method 
of reference 5* The magnitude of the corrections Is shown below: 


Corrected 

Uncorrected 

Mach number 

Mach nianber 

0.i»00 

o.Uoo 

.600 

.600 

.700 

.698 

.750 

. 7‘^7 

.800 

.797 

.820 

.816 

.81k) 

.833 

.860 

.852 

.880 

.871 

.900 

.888 

.920 

.907 

.9^ 

.922 


No accoimt was taken of the sweepback angle of the wings In com- 
puting either the Induced wind— tunnel-wall effects or the constriction 
corrections. 

Sting Interference .— In order to correct partially the drag data 
for sting Interference, static pressures were measured at the base of 
the model ftiselage. The difference between these meas\n*ed base pres- 
sures and the free— stream static pressure was used In conjunction with 
the fuselage cross— sectional area at the base of the model to calculate 
increments that would correct the drag coefficients approximately to 
what they would be with free— stream static pressure at the base of the 
model. Uie following increments, calciLLated in this manner, were added 
to the measured drag coefficients: 


Corrected 


Mach number 

o, 4 oo 

0.0007 

.600 

.0011 

.700 

.0011 

.750 

.0011 

.800 

.0011 

.820 

.0011 

.840 

.0012 

,860 

.0012 

.880 

.0013 

.900. 

.0016 

.920 

.0017 

.940 

.0020 
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The corrections were uneiffected hy variation of angle of attack. The 
effect of the wind-tunnel longitudinal pressure gradient on drag was 
negligible . 

Aeroelasticity .— The model wings investigated defonned elastically 
under the aerodynamic loads to Which they were subjected. These defor- 
mations, for the most part, appeared as wing bending idiich, for the swept 
wings, caused a relative rotation of the streamwise chords, resulting in 
an effective twist along the spans of the wings. In the interest of 
making the results of the present investigation more convenient for the 
design of wings of different stiffnesses and hence subject to different 
aeroelastic effects, it wo\ald be desirable to correct the present 
results for aeroelasticity and to thereby reduce them to rigid-wing 
characteristics that could be adjusted then for the aeroelastic effects 
of actTial wings of any stiffness; or alternatively, to describe the 
elastic deformation of the test wings so that their deformed shapes 
could be used as the starting point from which to adjust for- the aero- 
elastic effects of 6uiy actual wing. Unfortunately, it has been impos- 
sible to do either with any degree of exactness. However, an approxi- 
mation of the aeroelastic twist of the test wings and their effects on 
the slopes of the lift c\irves and the pitching-moment curves for the 
model wings used in this investigation are shown in figures 5 and 6. 

The spanwise variations of twist shown by the solid lines in 
figure 5(a) were calculated on the basis of the elastic properties of 
the model wing structures, assuming linear spanwise distribution of 
lift. Figtire 5(a) also shows an ass\amed linear twist distribution for 
the wings tested. It was found by the method of reference 6 (Weissinger) 
that the linear twist distribution shown is approximately equivalent to 
the calculated twist distributions in its effect on the aerodynamic 
cheiracteristics of the wings. This linear distribution was used in 
conjxmction with the measured wing— tip deflection angles, the measured 
lift on the wings, and the free— stream dynamic pressxire to calculate 
the equivalent wing— tip twist per \init lift coefficient shown in figure 
5(b) for various Mach numbers. It is to be noted that the resulting 
values of equivalent wing— tip twist shown in fig\are 5(b) are approxi- 
mately 20 percent larger than the measured values. 

To obtain a measure of the effect of the elasticity of the model 
wings on the lift and moment characteristics, the conputed character- 
istics of rigid wings are compared with the observed characteristics 
of the elastic models. The starting point was the elastic wing at a 
lift coefficient of 0.2 for which (l) the angle of attack and pitching- 
moment coefficients were known from the present experimented investi- 
gation, and (2) the magnitude of the equivalent tip twist was determined 
from figure 5(b). Next, for a rigid wing having this twist, the angle 
of attack and the pitching-nnoment coefficient for zero lift were calcu- 
lated by means of the charts of reference 6. The lift>-curve and the 
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pitching-^noinen‘t>-curve slopes for the rigid wing were then computed from 
the following relations: 




dCL> 

\ 

0, 

da ^ 

'rigid 

“o.2 ■ 


frigid 

_ 0.2 
0 


- 


- C. 




where the subscripts refer to the lift coefficients at which the values 
were taken. These rigid-wing values were then compared with the meas- 
ured elastic-wing val\ies for zero lift. The comparisons sire shown in 
figxare 6 as the ratios of rigid— wing to elastic-wing lif1>-c\arve slopes, 
and as the difference between rigid-wing and elastic— wing pitching- 
moment— curve slopes. 


The resialts in figure 6 include such viscous effects as appeared 
in the elastic-wing data over the lift interval used in the computation 
of the rigid-wing characteristics (lift coefficient 0 to 0.2), The 
results of figure 6 are believed to be applicable at moderately higher 
lift coefficients as long as the wing lift and pitching-moment charac- 
teristics remain approximately linear. However, these results will not 
apply when the wing characteristics depart from linearity since this is 
an indication of an appreciable change in viscous effects. 

No corrections have been made to the drag data for the deformat:.wOn 
of the model wings under the air loads. 


Beilance interaction .— No corrections were made for interaction of 
lift and pitching moment on the balance drag readings since the degree 
of interaction varied during the investigation. In general, this effect 
was small and caused the drag readings to be slightly high at the higher 
lift coefficients. Interaction between the other balance components 
was negligible. While the precision of the force and moment data is not 
indicated, the data presented herein, with the exception of a few points 
at high lift coefficients, are plotted within the accuracy of the strain- 
gage balance. 

Tares, — Corrections were made throxoghout the angle— of— attack range 
to account for the static tares due to the weight of the model. 
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RESULTS AND DISCUSSION 
Pressvire Measurements 


Ihe pressures measured on the fuselage and on the three wing— 
fuselnge comhinations are presented in coefficient form in tables I to 
VII, Each table shows the pressxare coefficients at varioxis stations on 
the wings or the fuselage for various Mach numbers and angles of attack. 
The designations of the wing and fuselage stations used in the tables 
are shown in fig\n:es 2(b) and 3(b). Table I shows the pressure coef- 
ficients measTJred on the fuselage alone. Tables II, III> IV show 
pressure coefficients on the fuselage when in combination with the three 
different wings. Tables V, VI, and VII show pressure coefficients on 
the three different wings in combination with the fuselage. 

To expedite publication of these results, the pressure data have 
not been analyzed. However, typical plots of pressvire coefficients 
measured at 75 percent of the semi span on the wing having 45 of sweep- 
back and an aspect ratio of 4 are shown in figure 7 for several Mach 
numbers. 


Basic Aerodynamic Characteristics 


Lift, drag, and pitching-moment characteristics of the three swept— 
back wings in combination with the fuselage are presented in figures 8, 
9, and 10 without correction for elastic distortion under aerodynamic 
load. The variation of lift coefficient with angle of attack is shown 
in figure 8. Due to structural limitations of the models, maximum lift 
was not reached for any of the models. The variation of pitching moment 
with lift is shown in figure 10. At low Mach nvimbers, the wing with 45° 
of sweepback and an aspect ratio of 6 became very unstable at a lift 
coefficient of approximately 0.45; .whereas comparable changes in sta- 
bility are delayed on the other wings to a lift coefficient of approxi- 
mately 0.6, The force and moment data for the fuselage alone are pre- 
sented in figure 11, The coefficients are based on the total wing area 
and on the mean aerodyneimic chord of the wings having an aspect ratio 
of 6. 

Lift-Curve Slopes 


The variations of lift-curve slope with Mach number at a lift coef- 
ficient of 0.2 are shown in figure 12 for the three wing— fuselage com- 
binations. Measured slopes, measured slopes corrected for aeroelastic 
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effects, the transonic-hump data from references 1, 2, and 3, and the 
theoretical variations of the lift— curve slopes with Mach number are 
shown. The theoretical variations of lift— curve slope with Mach number 
were calculated hy the method of reference "J, using an application of 
the Prandtl-Glauert rule. These theoretical variations were then 
applied to the slopes which were measxired at O.UO Mach number and cor- 
rected for aeroelastic effects. 

Lift— curve slopes generally increased with Mach number for all the 
plan forms tested; however, a reversal of this trend is indicated at the 
highest Mach mmiber of the tests. The theoretical variation of lift— 
curve slope with Mach number was less than the meas\ared variation cor^ 
rected for elasticity. 

The data from this investigation show some qimlitative agreement 
with the transonic-bump data of references 1, 2, and 3, but agreement 
is poor quantitatively. It is believed the lack of agreement is due, 
at least in part, to the low Reynolds nvimbers of the bunq) tests and to 
the basic limitations of the bump method of testing (reference 7). 

The effects of aeroelastic distortion on the lift-curve slopes 
were large. At the highest Mach number of the test, the model distor- 
tion caused a 30-percent reduction in lif1>-curve slope of the wing with 
k5° of sweepback and an aspect ratio of 6. Smaller effects were calcu- 
lated for the other wings. These resiilts serve to enq)hasize the impor- 
teince of aeroelastic effects on the aerodynamic characteristics of thin 
swept-back wings, not only from the standpoint of obtaining reliable 
data from wind-tunnel tests, but also with regard to the performance of 
the airplane. For example, the structure of the model wing with 45° of 
sweepback, an aspect ratio of 6, and NACA 65AOO6 sections was such that 
its flexibility was about the same as the flexibility of a geometrically 
similar airpleine wing designed for a wing loading of 60 pounds per 
square foot and a load factor of 5* The other two model wings were 
considerably less flexible in comparison with typical airplane construc- 
tion. Since the dynamic pressure at the highest Mach niimber of the 
tests corresponded to a flight altitude of 15,000 feet, it is evident 
that aircraft flying at high subsonic speeds and moderate altitudes may 
be stisceptible to large effects of aeroelastic deformations. All the 
perfonnance parameters of the airplane which depend upon the sjanwise 
distribution of lift will be affected, including the lift-curve slope, 
longitudinal stability, induced drag, downwash distribution, and wing 
bending moments. 

Static-Longitudinal Stability 

The variation of the stability parameter dCm/<iCL "i'th Mach number 
is shown for 0.2 lift coefficient in figure I3. Measured data, measured 
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data corrected for aeroelasticity, and data from the transonic-bump 
tests reported In references 2, and 3 are presented. Aeroelastic 
effects were large, causing a maximum increase of pitching-moment— curve 
slope of 0.097 for the wing with h5° of sweepback and an aspect ratio 
of 6. This increase is equivalent to a forward shift of the neutral 
point of almost 10 percent of the mean aerodynamic chord. In general, 
static longitudinal stability corrected for aeroelasticity increased 
with Mach number for all the plan forma investigated. The wing with 
45° of sweepback and an aspect ratio of 4 and the wing with 35° of 
sweepback and an aspect ratio of 6 indicated large stability increases 
at the higher Mach numbers. In general, stability results from this 
investigation are in poor agreement with those from the transonic— bump 
tests. The transonic— bump data indicate large decreases in stability 
beginning at 0.2 to O.3 lift coefficients for the various plan forms; 
whereas the data presented in figure 10 show instability beginning at 
0.4 to 0.6 lift coefficients. The probable reasons for these differ- 
ences have been discussed in the- section on lift— curve slope. 


Drag 


The variations of drag coefficient with Mach number at lift coeffi- 
cients of 0, 0.2, and 0.4 are presented in figure l4 for the three wing- 
fuselage combinations. Data from this investigation are compared with 
transonic— blimp data from references 1, 2, and 3. In general, Mach 
number effects on the drag coefficients over the speed range of this 
investigation were small; the drag-divergence Mach number was not 
reached for any of the wings. It is believed that the decreases in 
drag coefficient with increasing Mach number shown at the higher lift 
coefficient are partially due to aeroelastic deformation of the wings. 
Drag coefficients from this investigation are considerably lower than 
the values shown in references 1, 2, and 3. The drag data, presented 
herein, on the whole agree more closely with results from other inves- 
tigations of similar and nearly similar wing— fuselage configurations 
than do the transonic— bump data (reference 7)* 


Downwash and Dynamic Pressure 


Downwash angles and gradients are shown for the wing— fuselage comr- 
binations in figures 15 and 16. Downwash gradients were TnaYimuTn near 
the extended plane of the wing chord and decreased with increase in 
distance above this plane. The gradients shown (fig. I6) were measured 
12 inches, from the plane of symmetry of the model. Measurements made 6 
inches from the plane of symmetry of the model (fig. 15) show the effect 
of the fuselage on the wing wake. 
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The results of the dynamic— pressure surveys are shown in figure 17 . 
They indicate that at the higher Mach nunibers the dynamic pressures at 
the center of the wing wake were approximately 10 to 15 percent less 
than free-stream dynamic pressure. The vertical displacement of the 
wake center with increase in angle of attack is apparent. 

/ 

Tuft Studies 

Figures 18 , 19 , and 20 show tufts on the three wing— fuselage comr- 
hinations. The pictures indicate the spanwise boundary— layer flow due 
to sweepback and the stall progression from the tip inward with increase 
in angle of attack. The leading-edge type of separation common to thin 
wings with small leading-edge radii is also indicated. 

CONCLUSIONS 

The results of this investigation indicate the following conclu- 
sions: 

1. In general, lift-curve slopes for all the wings investigated 
increased with Mach n\miber. Compressibility effects on drag coeffi- 
cients were generally small. More abrupt changes in stability occ\arred 
at lower lift coefficients for the wing with sweepback and an aspect 
ratio of 6 than for the other wing-fuselage combinations. Slight 
increases in static— longitudinal stability were observed at the higher 
Mach numbers for all the wings investigated. 

2. A comparison of data from this Investigation with those from 
investigations of similar models on the transonic bump in the Langley 
high-epeed 7 — by 10 -foot wind tunnel showed generally poor correlation 
quantitatively; agreement qualitatively was fair. It is believed that 
the lack of agreement was due, at least in part, to the low Eeynolds 
numbers of the bump tests and to inherent limitations of the bump method 
of testing. 

3 . Results of this investigation indicate large effects of aero- 
elastic deformation on the lift-cturve slopes and on the longitudinal 
stability of the models. The wing with k’f of sweepback and an aspect 
ratio of 6 underwent a maximum decrease in lift— curve slope of approxi- 
mately 30 percent and a forward shift of the neutral point of approxi- 
mately 10 percent. Smaller aeroelastic effects were observed for the 
other wing— fuselage combinations. 

Ames Aeronautical Laboratory , 

National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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TABLE I.- CONTimJED 


(c) M,0.70. 
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TABLE I.- CONTINUED 
(k) M,0.92. 


















































MCA RM A50J26a 


TABLE II.- CONTINUED 
(c) M,0.70. 
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TABLE II.- CONTINUED 

(d) M,0.75. 


PI 





Angle or attack, deg-e 

e. 
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-.05k 

-.032 

-.Okl 

-.025 

-.031 

— 

— 

-.Oko 

-.009 

J1.50 


0 

-.059 

-.013 

-.0k7 

-.012 

-.012 









-.009 

-.053 

-.018 

-.Oka 

-.017 

-.027 

• 






KLoflHH 

-.018 

-.051 

-.018 

-.035 

-.016 

-.035 

— 

— 

-.oko 

-.00k 

3k. 50 


.oeo 

-.063 

.021 

-.029 

0 

-.021 









.020 

-.05k 

.020 

-.025 

.003 

-.011 

^ ^ _ 

^ ^ ^ 





.015 

-.Okl 

.025 

-.017 

.015 

0 

— 

— 

-.032 

.035 


8.7 

.030 

— 

.010 

— 

-.020 










ka.3 

.02k 

-.110 

.011 

-.055 

-.oko 

-.021 








70.7 

.061 

-.121 

.037 

-.057 

0 

-.021 

— 

— 

-.101 

.0^ 



.030 

-.138 

-.010 

-.095 

-.oko 

-.0r:3 





-.122 1 

.027 

■m 


.030 

-.Ikk 

-.009 

-.101 

-.Oko 

-.071 



, _ 

-.131 

.029 



.039 

-.167 

-.003 

-.120 

-.050 

-.081 

— 

— 

-. ly. 

.033 

K!Al!l 

0.7 

— 

-.155 

— 

-.119 



-.089 







-.003 1 


*2.3 

.00k 

-.161 

-.036 

-.121 

-.110 

-.071 

_ ^ _ 

— — - 

-.I5i 

-.010 ! 


70.7 

-.001 

-.193 

-.Okk 

-.Ikl 

-.W>9 

-.069 

— 

— 

-.181 

-,019 * 


0.7 

-.009 

-.151 

-.035 

-.118 

-.073 

-.093 





-.Iko 

-.007 1 


*2-3 

.026 

-.167 

.005 

-.120 

-.029 

-.101 

— ^ 



-.075 

-.010 j 



-.029 

-.139 

-.060 

-.IkO 

-.100 

-.119 

— 

— 

-.lo8 

-.018 



-.030 

— 

-.0k9 



-.079 





i 

-.129 




-.009 

-.Ikl 

-.Ilk 

-.15k 

-.079 

- ea. _ 

^ - 



-.131 

-.021 

■■ 


-.oko 

-.162 

-.129 

-.169 

— 

— 

— 

— 

-.lk9 

-.037 



— 

-.102 

— 

-.087 







“3 



-.016 

mam 


-.027 

-.100 

-.Okl 

' -.orr> 

— 

— 

— 



-.091 

-.020 



-.029 

-.099 

-.039 

-.078 

— 

— 

— 

— 

-.08k 

-.019 



-.022 

-.051 

-.032 

-.050 



-.039 



-0.019 

-.oill 

-.009 

j 56.50 


-.020 

-.0k3 

-.030 

-.Oko 

— 

-.030 

— 

-.oil 

-.059 

-.001 



.009 

-.039 

-.010 

-.031 

-.cx>y 

-.031 

-0.020 

-.OVJ 

-.031 

.009 



-.019 

-.039 

-.020 

-.031 

-.018 

-.030 

-.020 

-.015 

-.025 

aOOi* 



-.011 

-.037 

-.012 

-.029 

-.on 

-.029 

-.019 

-.007 

-.021 

>010 

B 


-.011 

-.035 

-.016 

-.027 

-.007 

-.02-f 

-.019 

-.001 

-.019 

0 


n 


1 Angl« of Qttttckp decrees j 

E9 


! 

? 

1 - 

1 



Upper 

Lover 

Upper 

Lover 

Upper 

l«ver 


T.nva>i^ 



■urface 

Burface 

Burface 

lurface 

surrace 

BUrfoce 


surface 

HQIII 


0 

0.110 

-0.011 

0.131 

-0.030 

0.165 

-0,029 

0.200 



.003 

.100 

-.009 


-.033 

.130 

-.048 

.161 



0 

.169 

-.022 

.072 

-.051 


-.071 

.070 

15 

8.7 

-.021 

.079 

-.029 

.100 

-.0k3 

.129 

-.ok5 

.168 


k2.3 

-.021 

.055 

-.037 

.069 

-.®v 

.08k 

-.068 

.Ilk 


70.7 

-,021 

.032 

-.03k 

.033 

--aCy56 

.035 

-.03} 

.039 

20 

8.7 

-.055 



-.071 



-.075 



-.082 




k2.3 

-.059 

.006. 

-.079 

,010 

-.080 

.058 

-.106 

.0k9 


70.7 

-.066 

-.017 

-.088 

-.021 

-.099 

.000 

-.130 

-.031 

25 


-.059 

.008 

-.070 

.021 

-.070 

.161 

-.070 

.079 



-.067 

0 

-.075 

.003 

-.083 

.037 

-.101 

.039 



-.070 

-.CC9 ■ 

-,06a 

-.029 

-.lOk 

-.019 

-.119 

-.037 

28.50 

8.7 

-.0k9 

.026 

-.oko 

.059 

-.0k8 

.068 

-.oko 

.119 


k2.3 

-.053 

.018 

-.050 

.035 

-.060 

.059 

-.075 

.079 


70.7 

-.060 

-.010 

-.060 

0 

-.076 

0 

-.069 

0 

31.50 

8.7 

-.055 

.03a 

-.060 

.066 

-.060 

.107 

-.061 

.Ikl 


k2.3 

-.053 

,02k 

-.061 

.Ok9 

-.C76 

.069 

-.090 

.090 


70.7 

-.059 

.010 

-.072 

.010 

-.089 

.019 

-.102 

,020 

3k.50 


-.061 

.071 

-.068 

.110 

-.091 

.IkO 

-.118 

.175 



-.060 

.062 

-.080 

.08k 

-.117 

.119 

-.15k 

.136 



-.059 

.055 

-.090 

.072 

-.127 

.063 

-.16c 

.080 


8.7 

-.126 



-.169 



-.230 



-.281 



■■I 

k2.3 

-.150 

.099 

-.195 

.137 

-.27k 

.iBl 

-.353 

.21k 


70.7 

-.171 

.132 

-.2k0 

.172 

-.3*1 

.218 

-.k39 

.246 

kl.50 

6.7 

-.176 

.090 

-.237 

.118 

-.307 

.l6k 

-.367 

.210 


k2.3 

-.195 

.090 

-.267 

.121 

-.3(60 

.170 

-.436 

.211 



70.7 

-.233 

.101 

-.309 

■ Ikk 

-.kio 

.200 

-.500 

.240 





.063 



.100 



.120 



.106 



-.215 

.063 

-.281 

.ICO 

-.369 

.151 

-.471 

.190 

■■ 


-.2k8 

1 .060 

-.312 

.096 

-.kOO 

.156 

-.k5k 

.200 



-.192 

■ OkO 

-.239 

.071 

-.266 

.121 

-.320 

.148 . 



-.129 

.037 

-.168 

.069 

-.211 

.116 

-.231 

.140 

■■ 


-.23k 

.031 

-.296 

.060 

-.355 

.118 

-.k09 

.140 



-.169 



-.201 



-.219 



-.276 





-.Ifil 

.010 

-.219 

,037 

-.259 

.079 

-.351 

.091 

■■ 


-.19k 

.001 

-,2k0 

.028 

-.271 

.069 

--339 

.081 





.011 



,039 



.062 

— 

.080 

KH 


-.U3 

.009 

-.Ikl 

.027 

-.171 

.051 

-.241 

.079 



. -.110 

.001 

-.137 

.21 

-.150 

.050 

-.200 

.059 

56.50 


-.079 

.009 

-.092 

.030 

-.101 

.02k 

-.121 

.044 



-.071 

.010 

-.090 

.030 

-.113 

.030 

-.iCi 

.039 



-.050 

.009 

-.056 

.000 

-.079 

.020 

-.U5 

.001 



-.039 

.012 

-.ok9 

.019 

-.061 

.029 

-.071 

.020 

\mmm 


-.039 

.010 

-.0k9 

.018 

-.571 

.017 

-.093 

.023 

^■1 


-.029 

0 

-.039 

-.001 

-.051 

0 

-.081 

.007 
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TABLE II.- CONTIHUED 
(e) M,0.80. 
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TABLE II.- CONCLUDED 
(k) M,0.92. 



(1) M,0.9k. 


H 


Ans^ of ftttockf degree* | 



0 

2 

L ■_ 


1 7 

Uj^r 

lower 

■urfeee 

Ujiper 

eurfece 

lower 

eurfeee 

Upper 

•urfwe 

Ujmx 



Upper 

■urfece 

.^e 


.^e 

curfkee 

e^e 

10 

Ksai 

0.U7 

0.050 

0.099 

0.050 

0.060 

0.C71 

0.061 

0.089 









0.021 

0.155 



.101 

.050 

.091 

.092 

.061 

.071 

.065 

.089 

^ w 

... 

... 

... 

.023 

.139 



.090 

.018 

.063 

.053 

.072 

.069 

.063 

.081 

— 

— 

— 

— 

.021 

.101 

15 

m 

.069 

.011 

.055 

.Oil 

.039 

.033 

.028 

.C90 









-.001 

.no 



.060 

-.002 

.050 

.012 

.033 

.027 

.028 

.oil 

^ ^ 

... 

... 

... 

-.010 

.081 



.052 

.ou 

.016 

.019 

.031 

.027 

.029 

.039 

— 

— 

— 

— 

-.016 

.059 

20 

S^B 

.021 



-.001 



-.001 



-.001 











-.026 





.019 

-.018 

-.009 

-.030 

-.009 

-.005 

-.003 

.018 

— 

— 

— 

— 

-.029 

.d9 



.001 

-.026 

-.on 

-.028 

-.001 

-.002 

-.003 

.010 

— 

— 

— 

— 

-.do 

.019 


WSM 

.016 

-.022 

-.003 

-.038 

-.013 

-.011 

-.010 

.008 










.056 



.009 

-.020 

-.013 

-.039 

-.015 

-.020 

-.on 

.007 

^ ^ 

... 

... 

... 


.039 



-.006 

-.021 

-.023 

-.031 

-.017 

-.023 

-.016 

0 

— 



— 

— 

-.037 

.on 


im 

.003 

0 

-.010 

-.028 

.002 

-.002 

-.017 

.001 









-.009 

.060 

■■ 


.oei 

-.006 

-.010 

-.020 

.002 

0 

-.016 

0 

. ^ _ 

... 



... 

-.010 

■d9 

— 


.012 

-.010 

-.019 

-.027 

0 

0 

-.on 

-.001 

— 

— 

— 

— 

-.020 

.019 

KQEQ 

WSM 

.037 

.010 

.003 

-.013 

.010 

.on 

.001 

.013 









.od 



mmm 


.030 

.011 

-.001 

-.009 

0 

0 

.002 

.on 

... 

... 

... 

... 

.007 



■■ 

EES9H 

.019 

.010 

-.001 

-.006 

0 

0 

.007 

.018 

— 

— 

— 

— 


— 

Jk.SO 

RSH 

.078 

.030 

.060 

.039 

.091 

.051 

.016 

.062 















.079 

.031 

.099 

.031 

.019 

.019 

.018 

.065 









.079 

.019 

.060 

.050 

.099 

.059 

.051 

.071 

— 

— 

— 

— 

— 

— 

BRISQ 

ICTI 

.097 



.068 



.032 



.009 

















.099 

-.017 

.061 

-.009 

.035 

.029 

0 

.069 

w • « 

... 

... 

... 

... 

... 

— 

EuSlHi 

.123 

-.021 

.100 

-.002 

.099 

.050 

.018 

.092 

— 

— 

— 

— 

— 

— 


ROH 

.o6i 

-.089 

.033 

-.061 

-.012 

-.020 

-.018 

.023 













■n 

OH 

.067 

-.092 

.031 

-.072 

-.020 

-.026 

-.051 

.019 



... 





— 

... 


EuuH 

.063 

-.106 

.033 

-.081 

-.023 

-.028 

-.062 

.021 

— 

— 

— 

— 

' 

— 


■hth 



-.136 



-.U2 



-.069 



-.020 













■■1 

OH 

.017 

-.110 

-.019 

-.119 

-.069 

-.071 

-.101 

-.019 


... 

... 



... 

... 

■■ 

EfiSHi 

.011 

-.165 i 

-.021 

-.110 

-.079 

-.085 

-.119 

-.031 

— 

— 

— 

— 

— 

— 

^7.50 

BSH 

-.010 

-.182 

-.058 

-.172 

-.189 

-.113 

-.151 

-.061 














OH 

.019 

-.080 

.003 

-.180 

-.036 

-.127 

-.071 

-.073 

— 

— 

. 

— 

— 

— 


EZiSHI 

-.023 

-.209 

-.078 

-.195 

-.133 

-.133 

-.179 

-.061 

— 

— 

— 

— 

— 

. 

50.50 

KSH 

-.091 

— 

-.111 



-.167 



-.213 

— 

— 

— 

' 

— 

— 





-.093 

-.210 

-.121 

-.231 

-.175 

-.175 

-.222 

-.137 

_ _ ^ 

1 — — — 

... 



... 

. . _ 


EZSIH 

-.073 

-.251 

-.135 

-.25k 

-.190 

-.197 

-.211 

-.115 

— 

— 

— 

— 

— 

— 

53.50 

K5H 

1 

-.266 



1 -.270 



-.188 



-.080 















-.061 

-.276 

-.106 

-.276 

-.179 

-.190 

-.220 

-.068 

... 

... 

... 

... 

... 

... 


iZS^I 

-.076 

-.290 

-.ill 

-.200 

-.179 

-.199 

-.220 

-.009 

— 

— 

— 

— 

— 

— 

56.50 

IQH 

-.037 

-.137 

-.032 

-,10o 

-.017 

-.055 

-.057 

-.030 

— 

-.do 

— 

-.Oil 

— 

-.d5 


ES^H 

-.031 

-.120 

-.050 

-.069 

-.Oil 

-.019 

-.017 

-.020 

. . »* 

-.037 

— — — 

-.on 

... 

-.d7 



-.030 

-.107 

-.029 

-.070 

-.032 

-.039 

-,030 

-.018 

-.120 

-.d9 

-.201 

-.053 


-.066 



-.002 

-.002 

-.010 

-.010 

-.010 

-.010 

-.006 

0 

-.019 

-.007 

-.072 

-.026 

-.130 

-.di 


OH 

-.003 

-.002 

-.012 

-.012 

-.009 

-.009 

-.009 

0 

-.019 

-.010 

-.071 

-.031 

-.130 

-.051 

1— 

KhSfli 

-.001 

-.001 

-.007 

-.Oil 

-.007 

-.007 

-.006 

.001 

-.018 

-.(08 

-.079 

-.d9 

-.129 

-.075 
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TABLE III.- CONTINUED 
(c) M,0.70. 



A« 

lla <0 stuck, dasraaa 


rmdln*** 



0 

! 

6 


Oppw 

Leirar 

•orfaoa 

tjpjar 

matmm 

Uvar 

Oppar 


2?*^ 


Vwr 

aarfaca 

8.7 

70.7 

0.068 

0.012 

.012 

.012 

0.066 

.063 

.052 

0.019 

.019 

.019 

0.066 

.068 

.068 

0.035 

.035 

.035 

0.028 

.028 

.026 

.061 

o.ou 

.011 

.011 

0.068 

.OA 

.068 

8.7 

kS.j 

70.7 

.058 

.Okl 

.031 

-.012 
-.019 
' -.019 

.021 

-.008 

-.012 

-.008 

.017 

.015 

.015 

,008 

.001 

.001 

-.003 

-.005 

-.005 

.019 

.ou 

-019 

-019 

—019 

.035 

.086 

.015 

8.7 
te.3 

70.7 

.oek 

.015 

.001 

-.038 

-.OJ? 

-.032 

.008 

.005 

-.031 

-.031 

-.035 

-.005 

-.005 

-.012 

-.012 

-.019 

-.019 

-s085 

-.085 

-.032 

-.005 

—012 

-.019 

-039 

-039 

-039 

.015 

.001 

.012 

0.7 

te.3 

70.7 

.015 

.001 

-.009 

-.032 

-.032 

-.036 

-.001 

-.015 

-.015 

-.035 

-.035 

-.035 

-.012 

-.019 

-.019 

-.023 

-.023 

-.CB5 

-.037 

-.039 

-.039 

—012 

-.019 

-025 

-SI 

-065 

.001 

-008 

—019 

8.7 

^2.3 

70.7 

.015 

.008 

-.005 

-.032 

-.032 

-.Okl 

-.001 

-.008 

-.015 

-.035 

-035 

-.035 

-.005 

-.019 

-.019 

-.019 

-.019 

-.019 

-.039 

-.039 

-.039 

-.012 

—012 

-025 

-063 

-063 

-063 

,001 

—006 

—019 

8.7 

ka.3 

70.7 

.015 

.008 

-.005 

-.Okl 

-.061 

-.Ohl 

-.001 

-.008 

-.015 

-.035 

-.035 

-.035 

-.012 

-.015 

-.019 

-.023 

-.085 

-.019 

-.039 

-.039 

-.039 

—012 

-.01! 

—012 

-058 

-098 

-052 

,001 

-.006 

—012 

8.7 
' «,3 
70.7 

.Okl 

.035 

.oei 

-.036 

-.CA5 

-.Ofc5 

.023 

.015 

.009 

-.035 

-.035 

-.035 

-.001 

-.005 

-.001 

-.019 

-.012 

-.012 

-.«5 

-.085 

-.085 

.001 

.001 

.001 

-.058 

-098 

-.098 

.026 

.015 

.008 

8.7 

•e.s 

70.7 

.(A8 

.(Al 

.068 

-.05c 

-.096 

-.103 

.019 

.012 

.065 

-.068 

-.0(0 

-.061 

-.015 

-SI 

-.032 

-.031 

-.012 

-.061 

-.066 

-.052 

.001 

.008 

.028 

-092 

-UO 

-106 

.069 

8.7 
■ te.3 
70.7 

.o>6 

.061 

-.139 

-.158 

-.179 

.009 

.009 

.009 

-.102 

-.U5 

-»139 

-.032 

-.039 

-.065 

-.059 

-.066 

-.072 

-.088 

-.099 

-.U5 

—012 

—016 

—016 

-132 

-166 

-179 

.028 

.080 

.061 

8.7 

*^.3 

70.7 

.017 

.017 

.012 

-.152 

-.166 

-.199 

-.021 

-.021 

-.035 

-.122 

-.128 

-,16B 

-.063 

-.106 

-.112 

-.U9 

-.163 

-039 

-039 

-056 

-159 

-172 

-199 

.001 

.001 

—012 

0.7 

te.3 

70.7 

.008 

.035 

-.005 

-.166 

-.021 

.005 

-.066 

-.U5 

-.122 

-.162 

-.059 

-.019 

-.086 

-.099 

-.106 

-.058 

-.132 

-039 

-.058 

-066 

-003 

-072 

-172 

—008 

—012 

-025 

8.7 
W.3 

70.7 

-.005 

-.005 

-.019 

-.063 

-.116 

-.126 

-.035 

-.035 

-.061 

-.068 

-.107 

-.100 

-.059 

-.059 

-.072 

-.065 

-092 
-.092 
— 106 

-081 

-OS 

-059 

-U9 

-U9 

-132 

—001 

-.085 

-039 

8.7 
^.3 

70.7 

-*005 . 
-.005 

-.072 

-.072 

-.126 

-.021 

-.019 

-.061 

-.061 

-.055 

-.052 

-.032 

-.065 

-.065 

-.036 

-052 

-036 

—036 

-029 

-079 

-066 

.012 

.012 

.012 

8.7 

M.3 

70.7 

-.015 

-.012 

-.007 

-.051 

-.(A8 

-.066 

-.026 

-.021 

::: 

-.032 

-.032 

-.026 

-.060 

-.036 

-.035 

-.052 

-052 

-.036 

-.030 

-031 

-.026 

-.066 

-066 

-039 

-082 
— 082 
— 022 

0.7 

ia.3 

70.7 

-.018 

-.017 

-.018 

-.035 

-035 

-.036 

::: 

III 

-,032 

-.032 

-.032 

-.036 

-.032 

-.039 

-030 

-036 

-.036 

-OA 

—026 

—036 

-066 
-062 
. -039 

-017 

—022 

-035 





Pareast 

radltM 

1 Ansi* of stuck, de«rsM 

— 

6 

1 e 

J ^ 

L 



16 

Onwr 1 U*sr 

sarTsea | surfasa 

Oppar 

aorfaea 


OPP®** 

nirru« 



Lovar 

l^ppar 

aurfsca 

aarfsoa 
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TABLE III.- CONTINUED 

(g) M,0.84. 


au- 

tteo 

(to.) 

Sir 

1 Ar<le of attack, 

=; 



J 2 



1 

Oppar 

aurfaea 

Lwar 

aiirfaea 

Oppar 

aurface 

Lower 

acifae* 

Upper 

aurface 

a^«e 

Upper 

aurface 

aurface 

Upper 

aurface 

aurface 

Upper 

aurface 


10 

a.t 

0.067 

-0.007 

0.060 

0,017 

0.019 

0.019 

0.028 

0.060 

0.006 





12.3 


-.003 

.060 

.023 

.019 

.019 

.028 

.055 

.012 







-.007 

.055 

.023 


.011 

.028 

.019 

.012 

.055 

-.015 

.055 

15 

8.7 

.021 

-.031 

.023 

-.015 

.011 

.011 

-.010 

-023 

-.023 

At, 




12.3 


-.037 

.023 

-.015 

.011 

.006 

-.010 

.012 








-.036 

.017 

-.015 

.011 

.010 

-.001 

,00^ 

-.031 

.017 

— d7 

.014 

20 

6.7 

-.003 

-.052 

-.001 

-.033 

-aOLO 

-.010 

-.026 

-.od 

-.0*2 







-.052 

-.001 

-.037 

-eOlD 

-.010 


-.010 








-.057 

-.015 

-.037 

-.015 

-.015 

-.031 

-.015 

-.015 

-015 

-069 


?5 

8-7 

-.Oil 

-.061 

-.015 

-.011 

-.018 

-.020 

-.037 

-.018 


— 001 









-.026 

-.020 

-.012 

-.018 







-.036 

-.063 

-.026 

-.012 

-.026 

-.020 

-.012 

-.026 

-.d7 

-.000 

— 071 


2t.50 

B.7 

-.01? 

-.055 

-.015 

-.037 

-.020 

-.015 

-.037 

-.015 

-.017 

.006 

-058 







-.037 

-.020 

-.015 

-.037 

-.015 

-.017 

—001 





-.031 

—063 

-.026 

-.0^1 >1 

-.020 

-.023 

-.037 

-.026 

-.017 

-020 



31-50 

8.7 

--000 

-.057 

-.015 

-.037 

-.020 

-.015 

-.037 

-.015 

-.047 

.006 




12.3 


-.057 

-.015 

-.do 

-.020 

-.015 

-.037 

-.015 


—001 

-05a 




-,036 

-.057 

-.026 

-.037 

-.020 

-.015 

-.037 

-.015 

-.047 

-013 



3i>.50 

8.7 

.013 

-.057 

.011 

-.029 

.006 

-,00* 

-.0?* 

.006 






12.3 

.013 

-.052 

.006 

-.026 

.001 

eOOl 

-eOCk 

.006 






70.7 


-.019 

.006 

-,0Pt 

.001 

.006 

-.00^ 

eOQ6 

-037 

.017 

-058 

.023 

3(5.00 

8.7 

.035 

-. 109 

.011 

-.063 

-.015 

-.015 

-.058 

.on 

— 101 





12.3 


-.109 

.010 

-.058 

-aOeo 

-.001 

-. 00 ) 

.<»3 

-.112 

.055 




70.7 

.067 

-.117 

.019 

-.017 

.oil 

.017 

-.012 


-. 101 

.00? 

-.188 

.125 

M.50 

8.7 

.029 

-.193 

aOOi 

-.122 

-.017 

-.017 

-.112 

-.008 

-179 

.039 

—274 



12.3 

.035 

-.198 

-.001 

-.133 

-.053 

-.055 

-.119 

-.010 

-.198 

.039 

-301 



70.7 

.010 

-.236 

-.001 

-.155 

-.063 

-.063 

-.139 

-.001 

-.230 

.060 

-355 

.111 

U.>J 

0.7 

-.009 

-.712 

-.017 

-.165 

-.096 

-.085 

-.160 

-.045 

-.241 

.009 

— 357 



12.3 

-.oil 

-.252 

-.017 

-,176 

-.101 

-.090 

-ii7i 

-.017 

-257 

.009 

— 376 



70.7 

-.020 

-.296 

-.058 

-.206 

-.115 

-.112 

-.192 

-.06-6 

-284 


-411 


17.50 

8.7 

-.030 

-.229 

-.053 

-.160 

-.093 

-.090 

-.155 

-.058 

-219 

- 101 

— 333 



12.3 

.008 

-.236 

-.015 

-.176 

-.017 


-.096 

-.06* 

-152 

-015 

-263 



70.7 

-.052 

-.269 

-.079 

-.198 

-.122 

-.119 

-.192 

-.079 

-261* 

-026 

-.107 

.012 

50.50 

6.7 

-.017 

-.111 

-.066 

-. 101 

-.090 

-.055 

-.’l33 

-.037 

-.165 

— Od 

-.220 




-.017 

-. 182 

-.066 

-.139 

-.090 

-.090 

-.133 


-171 

-033 

-220 



70.7 

-.06? 

-. 190 

-.079 

-.119 

-.101 

-.101 

-.111 

-.079 

-179 

-d7 

-231 

-0?0 

5J.50 

8.7 

— 

-.106 



-.079 



-.017 



-.037 



-.015 




1’-) 

-.036 

-.106 

-.037 

-.079 

-.d7 

-.0k7 

-.071 

-.037 

-l>» 

-020 

-118 



70.7 

-.036 

-.095 

-.037 

-.069 

-.037 

-.012 

-.063 

-.037 

-07<> 

-020 

— 101 


56.50 

0.7 

-.011 


-.037 

-.116 

-.012 

-.017 

-.058 

-.025 

— 069 

—026 

-.083 

kshi 


12.? 

-.olj 

-0ft9 


-.111 

-.012 

-.037 

-.058 

-.C25 

-.066 

-026 

-.060 



70.7 

-.018 

-.082 

-.060 

-.107 

-.027 

-.033 

-.031 

-.025 

— 047 

-026 

-053 


5. .50 

8.7 

-.052 

-.072 

-.066 

-.097 

-.035 

-.030 

-.035 

-.022 

-018 

-024 

— d7 



12.3 

-.050. 

-.072 

-.086 

-.097 

-.031 

-.033 

-.035 

-.023 

— 047 

-.026 

-.d7 



70.7 

-.056 

-.072 

-.088 

-.097 

-.031 

-.035 

-.035 

-.02<y 

-047 

-037 

-d7 

-026 


(h) M,0.86 


























NACA RM A50J26a 


TABLE III.- CONTINUED 
(i) M,0.88. 


Angla of attack, tap-aaa 


Stm- 


- 



1 

‘ 



{^) 








nppar 

aoiTaca 


Upper 
• urfae. 




10 


IffWjJ 



0.026 

O.Okl 

0.031 

0.020 

0.0k6 

0.01k 

0.081 

-0.005 

0.108 




.069 

.026 

.Okl 

.031 

.«6 

.0k6 

.Oik 

.078 

-.005 

.092 



Eei^I 


.06k 

.026 

.Oki 

.029 

.ffi6 

.036 

.01k 


-.005 

,067 

HI 


HESI 


.ooe 

-.002 

.002 

-.095 

-.015 

.019 

-Olfl 

.0k8 

-036 

.067 


MffM 




.002 

-.006 

-019 

.002 


.030 





B9 

—01k 

.003 

-.005 

.002 

-.006 

—010 

.002 

-.018 

.019 



Hi 


KM 

KH 

.003 

-,<at 

-.020 

-.033 

-.036 

-.015 

-.039 

.01k 

-0k9 

.0)1 






-.126 

-.033 

-.036 




-053 




BbW 

BsIH 

-.012 

-.033 

-.033 

-.036 

-.036 

-.031 

-0k2 

-cu 


-.015 






-.03a 

-.036 

-.Okl 

-0k6 

-.0)1 

-9k2 

.030 

-051 

.015 




HftftH 



-.Okl 

-Okl 

-051 

-031 

-.092 



e005 




Ka 

-.0£2 

-.038 

-.Okl 

-okl 

-051 

-0)6 

-.052 

-021 




HIH 

BB39 

ga 

-.007 

-.033 

-.036 

-.036 

-036 

-036 

-0k6 

-0k6 

-«6 

—026 

— 0*2 
-.0k2 

.002 
— 00k 

-0k6 

-.051 

.005 

MB 


BitH 


-.022 

-.038 

-.036 

-Ckl 

-0k6 

—0)6 

-Ck7 





^S 

mM 

IEES 

-.007 

-.033 

-.036 

—036 

-036 

-0k£ 

-Ck6 

—026 

-«6 

-0k2 

—0k2 

.00k 
— W1 

-Ck6 

-0k6 

.026 

.019 

Hll 


BByB 

Ksis 

-.0.' 

-.Q?9 

-.036 

-.036 

-0k6 

—026 

-0k5 

-.011 


-.005 






-aCP2 

-.010 

--G?0 

— 926 

-.009 

-0)2 

.035 

—036 

.061 







-.010 

-015 

-C26 

•-0O5 

-0)2 

.019 

-036 


■■ 





-.012 

-.010 

-015 

-.OL'6 

-.M5 

-032 

.019 





ss 

^BBSH 

.o?e 

-.050 

-.015 

-X9 

-056 

.005 

-C83 

.C6(J 

-lie 

.097 





.a?0 

-.0k3 

-.023 

-.ore 

—061 

.1.15 

-09t 


-.138 

.165 



■^9 

IBuB 

.066 

-.033 

.X5 

0 

—036 

.0k6 

-.08) 

.101 

-Ik 3 

.138 



SB 

IR^fl 

.008 

-.119 

-.053 

-07k 

—061 

-,015 

- 175 

.050 

-291 

.097 





■ OOC 

-.131 

-.056 

-o6k 

-.12) 

-,a?o 

-. 190 

.C5^ 

-.275 

.097 





•ooe 

-.lk9 

-.06k 

-067 

-136 

-,a?o 

-.321 

.C60 

-.r3 

.118 



SB 


-0k3 

— 180 

-.111 

-.126 

-iBk 

-06k 

— 357 

.009 

-)k3 

•C56 



■BB 

^B^SkB 

-.Ok: 

-.190 

-.118 

-133 

-.170 

-.067 

-.267 

.0!.7 

-.357 

,c 56 



HffM 


-.096 

-.215 

-.133 

-.15k 

-.j :13 

-0C7 

-27C 

-XI 

-389 

,Ck6 



■v**s 

■HBS9 

-.05T 

-.•■03 

-.123 

-.138 

-195 

-0£2 

-.390 

-016 . 

-38'7 

.620 



H« 


-.017 

-.215 

-.07:' 

-15k 

-133 

-.090 

-.216 


-.297 

.CI5 




-;'33i 

-.o£3 

-.''k3 

-.156 

-17k 

— 2kl 

-.10b 

-2kl 

-.037 

— kk6 

,X5 

50.50 

BMI 

■99 

-.1* 

-.06": 

-. 121 
-.I5t 

-.UC 

-.121 

-.097 

-;126 

-. l&: 
— 166 

-067 

-09- 

-22) 

-.231 

—on 
— 0k£ 

— k20 
-.k35 

.019 

.026 



ES^I 

-.M6 

-.V-l 

-.m 

-.131 

-.I3C 

-.17k 

-.05k 

-236 

-.053 

-k56 

—033 


HHI 


-.091 

-.013 

-.076 

-.073 

-.067 

-772 

-.072 

-6f)7 

-.053 

-.053 

-.073 

— 021 
-.<ri 

-r-s 

-.009 

Hi 



-.OTO 

-.0?9 

-.t.C3 

-.056 

— 06I 

-0T2 

-0k6 

-Ob) 

— 021 

— 108 

-CI5 

1^1 

IHI 

HH 

HBH 

-.036 

—033 

-.033 

-.032 

-.f.59 

-.956 

-.05-’ 

-.0*5 

-.170 

-•.67 

-.053 

-.cy 

-C67 

-CCT 

-.013 

-.013 

-07k 

-CT3 

-.002 

-X5 





-.033 

-.029 

-.'•C3 

-.036 

-.016 

-Ok) 

-.035 

-ill) 

— OkO 

— X6 


EH 

IPffB 

H^m 

IH 

^BEi9 

-.oko 

-.03P 

-.037 

-.022 

-.027 

-.<‘33 

-.013 

-.013 

-.Oik 

-C31 

-03k 

-03k 

-0-9 

-.029 

-.031 

— OkB 
- 0 k 3 

-OkO 

-03k 

-.033 

-fll 

-U3 

-.023 

-.037 

-037 

-035 

0 

-.006 

-.016 


(J) M,0.90 
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MCA RM A50J26a 


TABLE IV. — CONTINUED 
(L) M,0.86. 


P*ro«at 

fut.lvg. 

rsdlsa 


8.7 

Ik2.3 

70.7 






0 



S — 

Dpp«- 

■nrfkea 

Lonr 


U^nr 

■urfaee 

ITppar 

•nrfeioa 

Lowar 

0^ 



Lomt 

Upper 


O.IjOO 

0.038 

0.075 

0.032 

0.051 

0.051 

0.0*8 

0.075 

0.029 

0.096 

0.020 

0.122 

.099 

.oko 

.075 

.035 

.OjO 

.cn6 

.050 

,078 

.035 

.089 

.022 

.112 

.089 

.035 

.069 

.035 

.050 

.056 

.055 

.069 

.038 

.025 

■ 023 

.089 

.068 

.ou 

.0*3 

.0*0 

.021 

.019 

.020 

.0*0 

.009 

.059 

-.005 

.091 

.062 

.009 

.038 

.035 

.019 

.015 

.018 

.031 

.005 

.0‘^5 

-.009 

.<rro 

.050 

.010 

.030 

.030 

.020 

.015 

.021 

.033 

.001 

,039 

-009 

.052 

.029 

-.013 

.015 

-.013 

-.009 

-.013 

-.015 

.010 

-.028 

.022 

—029 

.050 

.021 

-.015 

.010 

-.015 

-.008 

-.010 

—012 

.005 

-025 

.015 

—030 

.03* 

.009 

-.020 

0 

-.015 

-.008 

-.010 

-015 

0 

.030 

—002 

-038 

.010 

.oe? 

-.018 

.010 

-.020 

-.013 

-.015 

—020 

-.005 

-.«3 

.018 

-.027 

,0*1 

.010 

-.020 

-.002 

-.020 

-.015 

-.020 

-.019 

-.001 


.010 

-020 

.029 

0 

-.015 

0 

-.019 

-.010 

-.015 

-015 

-005 

—03b 

-.005 

—0*0 

,009 

.0» 

-.009 

.012 

-.015 

-.020 

-.009 

-.016 

-005 

-.026 

.029 

-.035 

.0*0 

.033 

-.009 

.010 

-.020 

-.020 

-.009 

-.013 

-.010 

-030 

.020 

-.038 

.029 

.018 


0 

-.018 

-.019 

—Oil 

-013 

—010 

-028 

.005 

—0*2 

.005 

.029 

-.013 

.005 

-.025 

-.025 

-.013 

-.020 

-015 

-03* 

.020 

-03* 

.031 

.015 

-,0U 

-.001 

-.020 

-.020 

-.011 

-.028 

-.Oil 

—029 

.012 

—0*0 

.021 

.009 

-.010 

-.010 

-.020 

-.020 

-.010 

-.028 

-.021 

—029 

0 

-.0*7 

0 

.032 

-.010 

.009 

-.020 

-.020 

—010 

—012 

.009 

—020 

.028^ 

-030 

.058 


-.009 

.001 

-.019 

-.010 

-.009 

-.012 

.001 

—020 

.019 

-029 

.0*2 

.018 

-.012 

0 

-.020 

-.015 

—010 

—012 

-.001 

—020 

.009 

-.033 

.021 


-.010 

.018 

-.020 

-.010 

-.010 

-.019 

.015 

—022 

.0*0 

— 026 

.073 

.OUO 

-.009 


-.020 

-.009 

-.009 

- —019 

.017 

-019 

.031 

-030 

.061 

.031 

0 

.019 

-.005 

.007 

.010 

.001 

.021 


.035 

—020 

.051 

.016 

-.Ikl 

-.029 

-.130 

-.075 

-075 

-.100 

-.030 

-161 

.011 

-225 

,066 

.018 

-.151 

-.033 

-.1*1 

-.081 

-.085 

-U8 

-.039 

-180 

.008 

-.2*5 

.060 

.005 

-.172 

-.0*1 

-.161 

-.092 

-.099 

-.130 

-.0*8 

-205 

0 

-268 

.oa 

-.005 

-.138 

-.050 

-.132 

-.087 

-.089 

-lie 

-.0*1 

-169 

-.010 

-.220 

.0*2 

-.oik 

-.150 

-.060 

-.1*1 

-.091 

-.091 

—121 

-050 

-180 

— 010 

—2*0 

.039 

-.025 

-.175 

-.070 

-.162 

-.112 

-.115 

—1*2 

-068 

-200 

-.026 ! 

—270 

.028 

-.009 

-.101 

-.03* 

-.090 

-.069 

-.069 

-.081 

-.038 

— uo 

-.002 

-128 

.032 

.030 

-.100 

-005 

-.100 

-.030 

-.075 

-.035 

-.0*0 

-065 

-.011 

-.078 

.029 

-.020 

-.107 

-.ok* 

-.099 

-.075 

-.080 

-088 

-.0*5 

-U5 

-019 

-136 

,019 

-.015 

-.OkO 

-.033 

-.0*0 

-.033 

-.058 

-.061 

-.008 

-.070 

.015 

-080 

,039 

-.013 

-.065 

-.025 

-.065 

-.055 

-.050 

-.050 

—030 

-065 

-.015 

-.075 

.ou 

-.013 

-.05* 

-.027 

-.05* 

-.0*5 

-.0*5 

-.0*2 

-.028 

. ..-059 

-.015 

-.059 

.009 



-.031 



-,0kl 


-.029 



-017 


—008 


.008 

.008 

-.025 

-.019 

-.0*0 

-.019 

-.025 

-.030 

-.018 

— 040 

-006 

-.0*5 

.005 

.008 

-.010 

-.010 

-.038 

-.010 

-.012 

-.025 

-.013 

-.03* 

-005 

-.039 

-002 

-.005 

-.025 

-.020 

-.025 

-.038 

-.025 

-.035 

-030 

—0*0 

-.001 

—0*0 

,009 

-.003 

-.020 

-.018 

-.020 

-.028 

-.015 

-.021 

-.019 

—029 

0 

-.036 

0 

.009 

-.010 

-.003 

-.019 

-.005 

-.010 

-015 

-.01* 

—020 

0 

-.020 

-009 

-.010 

-.020 

-.025 

-.029 

-.025 

-.029 

—029 

.012 

-025 

.001 

-.020 

,010 

-.010 

-.015 

-.021 

-.029 

-.021 

-.029 

— 022 

-.010 

-015 

-.010 

-.018 

.001 

-.010 

-.015 

-.025 

-.029 

-.025 

-.029 

—019 

-.019 

-.019 

-.019 

— 020 

-008 


(i) M,0.88 




































NACA RM A50J26a 


k& 


TABLE IV.- CONCLUDED. 

( 1 ) 


Sta- 

tion 

(in.) 

Percent 

fueelage 

radius 

1 



Angle of attack. 

degrees 





r 2 





Upper 

surface 

Lower 

surface 

Upper 

surface 

Lower 

surface 

upper 

surface 

Lower 

surface 

Upper 

surface 

Lower 

surface 

Upper 

surface 

Lower 

surface 


8.7 

0.129 

0.062 

0.100 

0.062 

0.081 

0.075 

0.061 

0.099 

0.04l 

0.103 


ii2.3 

.125 

.068 

.101 

■ .069 

.081 

.078 

.070 

.099 

.045 

.099 


70.7 

.112 

.062 

.095 

.072 

.081 

.095 

.070 

.087 

.048 

.087 

15 

8.7 

.082 

.030 

.068 





.060 

.010 

.061 


t»2.3 

.079 

.025 

.060 





.050 

.010 

.051 


70.7 

.068 

.030 

.059 



^BEeklB 


.047 

.010 

.043 


8.7 



— 


-.009 


0 

.023 

-.019 

.025 


42.3 





0 


0 

■ .018 

-.018 

.018 


7C.7 





0 



.015 

-.020 

-.015 

11^91 

8.7 








.015 

-.021 

.015 


t2. 3 








.009 

-.027 

.010 

■■ 

70.7 








.009 

-.027 

.009 


8.7 

.040 







.031 

-.002 

.031 


'*2. 3 

•O32 







.029 

0 

.031 


70. 7 

.022 







.019 

-.008 

.021 

31.50 

8.7 

.059 

.019 

.035 

.010 

.019 

.019 

.020 



.051 


^2. } 

.055 

.020 

.030 

.011 

.030 

.030 

.022 



.044 


70.7 

.051 

.025 

.04l 

.021 

.030 

.030 

.035 



.051 

lit. 50 

8.7 

.090 

-.008 

.065 

.018 

.035 

.035 

.019 



.085 


l»2.3 

.099 

-.005 

'.080 

.020 

.045 

.050 

.022 



.093 


70.7 

.110 

-.009 

.092 








V/.50 

8.7 

.060 

-.082 

.029 









U2.3 

.050 

-.090 

,02i 









70.7 

.072 

-.103 

,04l 




HS^^B 




J4I.50 

8.7 

.020 

-.148 

.003 

-.091 

-.069 

-.075 

-.110 

-.020 

-.159 

.010 


»*2.3 

.014 

-.157 

-.010 

-.099 

-.080 

-.083 

-. 120 

-.028 

-.171 

0 


70.7 

.007 

-. 174 

-.019 

115 

-.095 

-.090 

-.138 

-.035 

-.190 

-.002 

UU.50 

8.7 

-.026 

-. 191 

-.049 

l4i 

-.123 

-.119 

-.168 

-.055 

-.219 

-.029 


•*£.3 

-.030 

-.201 

-.058 

-. 149 

-.138 

-.125 

-.178 

-.065 

-.228 

-.038 


. 70.7 

-.049 

-.231 

-.072 

-.170 

-.155 

149 

-.198 

-.085 

-.250 

-.Ol'l 

»*7.50 

8.7 

-.028 

-.230 

-.070 

-.230 

-.138 

-.128 

-.195 

-.052 

-.253 

-.040 


42.3 

.019 

-.232 

-.024 

-.210 

-.085 

-.140 

-.130 

-.060 

-.185 

-.045 


70.7 

-.042 

-.265 

-.082 

-.219 

-.165 

-.145 

-.218 

-.067 

-.281 

-.059 

50.50 

8.7 

-.021 

-. 109 

-.040 

-.049 

-.040 

-.051 

-.081 

-.010 

-.162 

-.009 
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-.267 

::: 


(1) M,C.94. 


eeot 

□pan 

Pfer- 

CtKMTd 

or attack p \ 



1 

0 

-- 




! 

Orper 


Upper 


Upper 1 


ritffece 


Upper 

Lover 

Burfac* 

Upper 

Burface 

Lover 

Burface 

Upper 


15 

5 

10 

20 

30 

10 

50 

60 

TO 

90 

90 

0.510 

— 

0,595 

— 

0 

610 

— 
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-.250 

-.275 

— 100 

.312 
— 203 
-170 
-.215 

-297 

-.310 

-.239 

-.303 

.003 
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TABLE VI. ~ PRESSURE COEFFICIENTS ON A WING HAVING A SWEEPBACK ANGLE 
OF 35 AND AN ASPECT RATIO OF 6 IN COMBINATION WITH A FUSELAGE. 
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-.061 

-.035 

-.058 
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-.229 

.219 

.087 

,010 

-.090 

-.090 
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TABLE VI.- CONTINUED 
(c) M,0.70. 
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TABLE VI.— CONTINUED 
(d) M,0.75. 
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TABLE VI.- COMINUED 
(e) M,0.80. 
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Figure !•— Photograph of one of the ving-fiiselage combinations and the siurvey rake mounted in 

the Ames l6-foot high-speed wind timnel. 
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Basic 

fuselage 

coordinates 

Sta 

Radius 

0.00 

0.00 

2.50 

0.722 

5.00 

i.205 

7.50 

1.613 

iO.OO 

1.971 

15.00 

2.593 

20.00 

3.090 

25.00 

3.465 

30.00 

3.74! 

35.00 

3.933 

40.00 

4.063 

45.00 

4.143 

50.00 

4.167 

55.00 

4.130 

60.00 

4.024 

65.00 

3.842 

70.00 

3.562 

75.00 

3.128 

80.00 

2.526 

85.00 

i.852 

90.00 

1.125 

95.00 

0.439 

too. 00 

0.00 


As actually used the basic fuselage was 
madified to provide sting clearance by increasing 
the radius at sta 83.38 to 2.25 inches and 
fairing forward with straight-line elements to the 
points of tangency with the basic shape. 


(a) Dimensions and coordinates. 

Figure 2. -General arrangement of mode! showing a typical wing- 
f use! age combination with survey rake in position and fuselage 
details. 
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Typical fuselage station showing 
pressure orifices as installed 
from stations tO.OO to 59.50. 


Note : 

AH dimensions in inches, 
except as noted. 


(b) Fuselage pressure-orifice locations. 
Figure 2.- Concluded. 


imCA EM A50J26a 



(a) 0.6 60.000 18.750 1 1.250 15.313 18.438 13.750 6.25 

(b) 0.6 73.485 15.310 9.190 12.503 15.621 16.840 6.25 

(c) 0.6 73.485 15.310 9.190 12.503 20.669 16.840 6.25 


Notes: 

(!) Wing sections parallel to free stream are NACA 65A006 for all wings. 

(2) Wings are mounted at zero angles of incidence and dihedral. 

(3) AH dimensions in inches and areas in square feet. 
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(a) Dimensions and details. 
Figure 3.- Wing plan forms. 
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Wing A. 45^ -, A, 4. Wing A. 35^; A, 6. Wing A, 45^; A,6. 


Note: 

Twenty pressure orifices were installed at each wing station as foiiaws : O, 5, iO, 
20, 30, 40, 50, 60, 70, 80, and 90 % wing chord on the upper surface and tO, 
20, 30, 40, 50, 60, 70, 80, and 90 % wing chard on the lower surface. 


(bj Wing pressure-orifice locations. 
Figure 3. - Concluded. 
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Figure 4— Survey rake details and dimensions. 
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o y 

Percent semispan, ^ 

(a) Spanwise twist distribution. 



Mach number, M 

( b) Variation of equivalent twist with Mach number assuming linear twist 

distribution. 

Figure 5.— Wing twist due to elasticity for the three wing -fuselage 
models under the conditions of test. 
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Mach number, M 

Figure 6— Effect of aeroetastic twist on the lift -curve and 
pitching - moment - curve slopes for the three wing - fuselage 
combinations. 
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Percent chord 
(a) M. 0.60 and 0.70. 

Figure 7. — Chordwise distribution of pressures on a wing having 
a sweepback angle of 45" and an aspect ratio of 4 in 
combination with a fuselage. 75 % semispan . 
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Percent chord 
(t) M, 0.75 and 0.80. 

Figure 7 .-Continued. 
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Percent chord 
(c) M, 0.84 and 0.88. 
Figure 7.- Continued. 
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Percent Chord 
(d) M, 0.92 and 0.94. 

Figure 7 — Concluded , 
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(b) Wing A, 35 ^ ; A, 6. 


Figure 8 .— Continued. 
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(c) Wing A, 45‘>; A, 6. 


Figure 8 .—Concluded. 
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(b) Wing A, 35^; A, 6. 


Figure 9 .— Continued. 



Lift coefficient. 



Figure 9 .-Concluded. 


Pitching- moment coefficient, ^m 
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Cm of 0 q q q 
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00000000 
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(a) Wing A, 45^; A, 4. 


Figure tO-Pitching- moment characteristics for the three wing- fusetoge combinations. 
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(b) Wing A, 35% A 6, 


Figure lO.-Continued. 
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Pitching- moment coefficient , Cfjj 
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for M of A .6 7 75 .8 .62 .84 .86 .66 .90 .92 

fcj Wing A, 45^-, A, 6. 


Figure fO -Concluded. 






Angle of attack, a, deg 
(b) Drag. 


of the fuselage. 
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(c) Pitching moment. 
Figure H.—Conciuded. 
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Measured data 

Measured data carrected for aeroetasticity 

Langley 7 x tO transonic-bump data, references t, 2, dr 3 

Theoretical variation, method of reference 7 

.12 

.iO 

.08 

.06 

.04 

.12 

.to 

.08 

.06 

.04 

.12 

.iO 

.08 

.06 

.04 

.2 .3 .4 .5 .6 .7 .8 .9 i.O i.i i.2 

Mach number, M 
(c) Wing A, 45^; A, 6. 

Figure i 2.- Effect of Mach number on the iift-curve slopes of the three wing- 
fuse! age combinations. C^, 0.2. 



(a) Wing A, 45*’-, A, 4. 



(b) Wing A, 35^; A, 6. 
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Measured data 

Measured data corrected for aeroeiasticity 


Langley 7xiO transonic bump data, reference, t,2 3 3 



(a) Wing A, 45^, A, 4. 




(c) Wing A, 45’‘, A, 6. 


dC,_ 


Figure 1 3 -Effect of Mach number on the stability parameter 
of the three wing -fuselage combinatians. C^, 0.2. 
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Mach number, M 

(c) Wing A, 45^; A, 6. 

Figure !4.— Effect of Mach number on the drag characteristics of the 
three wing-fuseiage combinations. 


Measured data 

Langley 7 xiO transonic-bump data, references t, 2, 8 3 
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(a) Wing A, 45^; A, 4. 
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(b) Wing A, 35% A, 6. 
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Distance above model (^, percent wing semispan 
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M, 0.60 


M,0.70 






Downwash angle, €y, deg 


0.200 semispan from plane of 
symmetry 

to) Wina A. 45' 


0.400 semispan from plane of 
symmetry 


Figure 1 5. -Downwash angles at possible horizontal-tail locations 
for the three wing -fuselage combinations. 
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Woke measurements 

Wing 

% semispan 


A, 45^i A, 4 

40.0 


A, 35^} A, 6 

32.6 

— 

A, 45*; A, 6 

32.6 





Downwash 


groditM, 



Figure i6.-Downwash gradients for the three wing- fuselage 
combinations, measured !2 inches from plane of symmetry. 
Cu 0-2- 
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O -.200 semispan from plane of symmetry 
A - .400 semispan from plane of symmetry 
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(a) Wing A, 45‘‘; 4, 4. 



Figure 17^-Dynamic pressures at possible horizontal-tail locations 
for the three wing -fuselage combinations. 
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0-.I63 semispan from plane of symmetry 
A- .326 semispan from plane of symmetry 



Figure !7. -Continued. 
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(c) Wing A, 45^; A, 6. 
Figure 17 —Concluded. 
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Figure l8.— Photographs of tufts on the wing— fuselage combination. Wing A, A, 4. 
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Figure l8,— Concluded 
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Figure 19.— Photographs of tufts on the wing— fuselage comhination. Wing A, 35°i A, 6. 
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Figure 19 •— Concluded, 
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Figure 20.— Photographs of tufts on the wing— fuselage combination. Wing A, 
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Figure 20 
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